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SUMMARY

~rlction and heat-dissipation data are presented for
use in determining the load-carrying capacity of 2- by l+-
inch bearlngO with the following types of lln?ng: copper-
head, lead-iridium-coated silver, and lead-coated copper-lead.

.The tests were made in a four-bearing friction maohine and
covered operation with three clearances using three oils of
different vlacomtty at three oil-inlet temperatures.

Valuee are computed to indicate the cafe loade at vari-
ous speeds for bearings lined with each of the three typee of
material. The data are presented in the fora of charts con-
venient for obtaining relative eafa-load valuea that may be
used in eatimattng the effectm of viscosity grade, viscoalty
index, oil-inlet temperature, bearing clearance, and bearing
metal on the performance of aircraft-engine bearings in
actual aerviee.

The resulte indicate that both lead-iridium-coated @ilver
and lead-coated aopper-lead bearings have greater load-carry-
ing capacity than copper-lead bearings.

.

IHTRODUOTIOY9

Analysis of the action of a ~ournal bearing Indicatee
“ that from the standpoint of lubrication the performance of a

hearing is dependent upon the generalised operating variable
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zlr/P , where Z is the absolute vis-aooity of the oil in the
bearing, 1 is the speed of the journal, and” P ie the
pre.geqrg .On the prodeoted area of the bearing. !J!heperfbrm-
anoe of a be”&ri”ng’-is~l~o-dbpendknt upon itg ab~lity t-o die-
sipate heat. When the other factors remain constant, a rise
in temperature in a bearing Inorettaeti tha rate of heat dia-

alpation. The effeot of a rice In temperature upon the rate
of heat generation in a bearing, however, depends upon the
conditions of operation. Bearing friction decreases with a
rise in.temperature at the high values of ZN/P and increases
at low values. Conaeq~ently, if other fao%ore are unchanged,
the rate “of heat generation also changes in the same manner.
Aocordlngly, the bearing oan reach a steady state of tempera-
ture distribution at high ZH/P values; henoe this region of
operation has been called the region of stable lubrioatlon.
At low value~ of ZN/P the inorease In friotion for a tem-
perature rise becomes greater proportionally than the Increase
in the rate of heat dissipation by the bearing. Under these
conditions the bearings cannot reach a steady tatate,”henoe
the name ‘region of unstable lubrication.n

This fundamental concept of a nteady state for bearing
operation is uead as a basic for the work covered by this
paper. The question of a steady state of temperature dia-
trlbution has been dieeussed in a number of publloations.
(See reference 1.) An analytical treatment pertinent to the
work in this paper is given in reference 2. ~rlotion and
heat-dissipation data were obtained over a wide range of con-
ditioue involving ohanges in operational and design factors.
Data were also obtained at low zH/P values pertinent to the
determination of the limiting value of zN/P for safe opera-
tion” with eaoh of three types of bearing materials. 3’rom
these data computations of loa~arrying capacity are made
and are presented In the form of charts oonvenlent for use in
quantitative eatimatea of bearing performance. Thus the rel-
ative effeotm of changes In the varloue operational and de--
sign factors on the performance of bearings of other el%es. in “
actual service can be evaluated. ,

Theee tests are part of a research program on lubrication
of aircraft-engine bearinge be%ng carried out by the lTational
Bureau of Standards with the financial assistance of the
National Advitaory Committee for Aeronautics.
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Four-Bearing l’rietlon Machine-..- .: ., .. . .... ...------

Photographs of the four-bearing friotion machine and
parts used in this investigation are given in figures 1 and
2. The maohine conalato eeeentlally of four teet bearlnge
mounted on a common shaft. The bearings used in these teetta
were flolid tateel eleevee lined with thin Iayere of the bear-
ing metals. They are mounted in self-ali.ning ball-bearing
swivele which are prGvented from rotating by flat spring
torque absorbers. !Che two out Bide bearings are mounted di-
rectly in the ends of the bearing housing. The two inner
bearings are mounted In plates sliding in guides. Load i.s
applied equally to the two inner bearings from a hydraullo
jack at tho base of the houeing through two $ack plungers.
The reaction from this load is taken by the two outer bear-
ings and; eince the bearings are symmetrically epace~ all
are equally loaded.

The complete housing floate on the horizontal test shaft
and hence actO as a cradle dynamometer. The frictional
torque ia measured by a direot-readi~g torque indicator con-
tacting a torque arm mounted on the housing. The torque in-
dicator ueed In most of these teets consiut8 of a small dia-
phragm $ack and pressure gage. In later tests this indicator
vae replaced by a dynamometer scale. E’or torque measurement
greater than the capacity of indicator or scale, weights are
added to a pan suspended from the torque arm. Stops are pro-
vided to limit the motion of the torque arm.

The use of a flexible diaphragm (synthetic rubber) In
the hydraulic jack prevents leakage. This permits the use of
a hand-operated injeotor which can be set to maintain a con-
stant load. An automatia load release In.the hydraulio load-
ing system releasee the pressure in the ~ack when the fric-
tional torque gets too high under conditions where the bear-
ings are approaching seizure.

Oil is fed to the bearinge through the drilled test
shaft with two oil holes at the axial oenter of each bearing.
Oil-feed preseure is maintained by a motor-driven gear pump
with a relief valve for pressure control.

Bearing temperatu~ee a$~ meaeured by thermocouple
mounted on the loaded eitlee of tho bearings.

..—. —
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Shafts and Bearings

The shafts used Iri theeo teetO were made of crankshaft
steel conforming to Pratt & Whitney Alroraft specification
190.-...... . . .. . . ,,. u..-., ..,,... . ..

Three typee of bearing material were u~ed. Bearing
eet@ l“a, lb, apcl 10 had copper-lead linings conforming tQ
Pratt & Willtney Aircraft specification 121. Set 2a had s~l-
ver linings coated with a 0.0015-inch thiokness of lead
which was treated with Zndium, and set 3a was lined with
lead-ooated copper-lead.

The essential d~meneions of bearings and shaft are as
follows:

Bearing set la lb lC 2a 3a

Length of bearings, L, in. 1.276 1.275 1.276 1.275 1.276
Av. diam. of bearings, In. 2.0674 2.0593 2.0616 2.0585 2.0583
Av. dlam. of shaft at

#ournals, D, in. 2.0566 2.0556 2.0556 2.0542 2.0542 .
Av. clearance, C, In. 0.0018 0.0037 0.0G60 0.0043 0.0041
Clearance dian. ratto, C/D 0.0009 0.0018 0.0029 0.0021 0.0020
Length diam. ratio, L/D 0.620 0.620 0.620 0.621 0.621

Lubricants

The lubricants used were a Pennsylvania oil (NBS labora-
tory reference No. J3-120), a Eavy contract 1080 oil, and an
SAE 20 motor oil. The viscosity data for these oils are as

# follows:

Viscoelty

Lubrlo&nt

BBS rbference J3-120
Bavy contract 1080
SA3 20

Saybolt E.nlversal seconds Ceutistokes

1000 1’ 2100 F 100° r 2100 n’

1766 124.4 382.3 26.04

781 77.5 1169.1 14.96
371 68.6 80.2 9.8a

—.— —..
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TEST RUMS .

Heat -Dlseipation Teste

.-, ... .- .,. . . . ---- _

In the heat -die~ipation teetm the bearings were operated
In the region of stable lubrication at the higher values of
zH/P . Test runs were made at oonstant epeeds and at a number
of constant loads which were successively increased during
eaeh test run. The data were obtained with the apparatus
thoroughly ‘warmed Upn and with the bearings In a steady
state of temperature distribution. The range of conditions
covered in the heat-dissipation tests with each set of bear-
ings Is as follows:

OP~RATIl?G CONDITIONS FOR HEAT-DISSIPATION TESTS

Bearing set la lb lC 2a Za

J3-120 J3-120 J3-120 J3-120 J3-120
011 used 1080 1080 1080 loao .-----

Sti 20. SAE 20 SAE 20 SAE 20 ------

Speed, N, 2000 2000 2000 2000 2000

rpm and and and and and
3000 3000 3oc’cl 3000 3000

Pressure on ~=ojected 725 725 725 725 725
area of bearings, to to to to to
P, lb/sq in. 2289 4057 4332 2970 4332

Av . oil-feed pressure
P* lb/sq in. 37 35 34 35 36

Oil-inlet temperature, 150 150 150 150 150
or 200 200 200 200 ---

250 250 250 250 250

Bearing temperature, 224 184 170 L74 208
or

& to to to to
3;: 322 297 306 334

Case temperature, 174 156 146 168 167
or to to to to to

247 260 253 253 “ 263

Av, room temperature,—

% 85 79 79 84 8a



Some tests almo were made at various oil-feed preemres
using the Eavy contraot 1080 oil at 200 0 ~ oil-inlet temper-
ature and a Journal :speed of 2000 rpm. These teetn inalude
‘operation’with baaring set-la at oil-feed pressures of 37
and 103 pounds per square inoh, set lb at 15, 35, 57, and
103 pounds per square inoh, and met 10 at 15, 34, and 97
pounds per t3quare Inoh.

~riction Teete at Low zM/P

In the teete to determine the effeota of the bearing
material upon the frictional charaoterietloe of the bearings,
particular attention va~ given to operat%on at low valuen of
ZII/P in the region of unstable lubrioatlon. These tests
were made on bearing eets lb, 2a, and 3a - all of which ha~
approximately the 8ame C/D ration. The temt runs were made
at a constant speed of 2000 rpm and at a number of loads
whioh were successivtaly increased during eaoh test run. All
tke tests were run with the same oil~ the same oil-inlet
ter.peratur~, and about” the same oil-feed pressure. The en-
tire apparatus was thoroughly warmed up before each test.
The tests were made with the bearings In a ‘run-inlr condition.
Three consecutive runs covering the oomplete load range were
bade with each set of beerlngs. The operating oonditi.ons ‘“
were ae followe:

0P3RATIYG CONDITIONS FOR TESTS AT LOW ZN/P

Bearlng_set lb 2a 3a

Oil used J3-120 J3-120 J3-120

Speed, M, rpm 2000 2000 2000

Pressure on projeoted 971 971 971
&rea of bearings, to to
P, lb~sq in. 5144 70% 7055

Av . oil-feed pressure

P- lb/sq In. 34 32 33

Oil-Inlet temperature,
or 250 250 250

Bearing. temperature, 276 276 276

or to to to
317 349 360

Case temperature, 21a 223 216

Oy to to to
248 272 266

Av. room temperature,
or 82 82 04
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DISCUSSION OF RESULTS

Heat-Dissipation Charaoterietiee
.. ........ . .-,---- -. ....-. +--.--se.. .

The data obtained In the heat-dissipation teete with
bearing f4et la (oopper-lead, O/D = 0.0009) are given in
figure 3. These data oover operation with the three gradea
of oil at three oil-inlet tenperaturee~ at varioue loadn~
and at two Journal epeedO. In this figure H’, the rate of
heat dissipation for the four bearings in inoh-pounde per
minute (used instead of the conventional Btu/min), is plot-
ted against ATa , the average rlBe in temperature In degrees
Fahrenheit of tne bearings above the ambient. These tests
were run under aonditione of a Bteady Btate of temperature
distribution; hence the value~ of HI were obtained from
obaervatione of frictional torque.

Similar data for bearing sets lb (copper-lead,
O/D = 0.c018), lC (copper-lead, C/D = 0.0029), and 2a” (lead-
indium-ooated silver, C/D = 0.0021) are shown in figures 4,
5, and 6, respectively. The teetO with eet 3a (lead-aoated
copper-lead, O/D = 0.0020) were confined to runs with the
J3-120 oil at oil-inlet temperatures of 1500 I’and 250° ~.
These data are shown In figuro 7.

The heat-dissipation data for sete la, lb, and lC when
operating at 2000 rpm using the Navy contraat 1080 oil at
200° E oil-inlet temperature and at varlo~e oil-feed pres-
Buree aro given in figure 8. In thie figure the bearing Bet
and the oil-feed pro~taure aro indicated for each curve.

The rate of heat removal by the oil flowing through the
maohlno for typical conditions with bearing sete la, lb, and
lC are shown by the dotted curves in figure 9. The aurvee
were obtained from data on the rate of flow of the oil, the

. temperature difference between the oil entering the end of
the shaft and the oil leaving the aase, and the epecifia heat
of the partlaular oil used. The solid ourvee in this figure
represent the total rate of heat dissipation am determined by
the torque measurements.

Analyeie of the data gtven in figures 3 to 9 indicates
that with forced-feed lubriaatlon under the conditions oov-
ered by these tests much of the heat generated in the bear-
ings ie carried away by the oil; hence their operating tem-
peratures are Snfluenc~d greatly by the temperature of the
entering 011 and faetoro affeating oil flow;
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The general characterlstioa for a given temperature rise
above the ambient are an follows:

.,- ----- (a) ~he rate of heat dioeipatlon Inoreaees with a de-
oreaee in vieooeity grade (indioated in flge. 3 to 6).

(b) The rate of heat dleeipatlon increaeerd with a de-
crease in oil-inlet temperature (Indicated In figs. 3 to 7).

(o) The rate of heat dissipation increasee with an ln-
creaee in oil-feed preetaure (indicated in fig. 8).

(d) The rate of heat dieeipatton incr~aOeB with an in-
crease in clearance (Indicated by comparison of curves for
same oil and oil-inlet temperature in figs. 3, 4~ and 5).

The effect of different bearing metals upon the heat-
diselpation Characterietias of the bearings ie relatively
small (indicated by a comparison of curves in figs. 4, 6,
and 7). Some of the differences shown can be attributed to
the differences in clearance between the three sets of bear-
lng8. Graphical interpolation of the data given in flguree
3, 4, and 5 provides a meanB for correcting t%e curves in
figures 6 and 7 so that they are representative of the same
clearance (0.0037 In.) as the curves in figure 4. The cor-
reoted curves indi.oate that under the same conditions the
rate of heat dissipation of the copper-lead bearinge and the
lead-coated copper-lead bearings was about the same and
sllghtly less than of the lead.-indium-coated silver bearings.

Frictional Characteristics in the Region of ●

Unstable Lubrication.

The data obtained In the tests of the co~per-lead bear-
ings (eet lb, C/D = 0.0018), the lead-indium-ooated silver
bearings (set 2a, C/D = 0.0021], and the lead-coated oopper-
lead bearinge (set 3a, C/D = 0.0020) wheu operating at the
lower values of ZN/P in the region of unstable lubrication
are ehown %n figure 10, where f, the coefficient of fria-
tion, Ie plotted againet zM/P , where Z is in centipoises,
N in revolutions per minute, and P in pounds per square
inch.

One of the chief diff~culties in obtaining repreeenta-
tlve data in the region of unetable lubrication Is that in
this region of operatton, frequently the friotlonal oharac-
teristicis of a bearing are not aonetant. This Is especially
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true when operating at the high loads, Bpeeds, and operatthg
temperatures used in these tests. Under some conditlone thd

,.. bear.i.ng is.,.improyetlwl$h, pp?ratlon.vhlle at- other? It is im-
pair8d. ~his wae found to be especially oharaot”eristlc of

. the copper-lead bearings. From this consideration, the

curves In figure 10 were chosen ae being reasonably repre-
mentattve of the average performance of the respective beak-
inge (in the run-in condition) under the teet 00nd~tions~
In these test rune, precaution were taken to control, as
far as possible, all variables except the bearing metal.
All three setis of bearinge had approximately the same clear-
ance and. were run at the same epeed with the same otl at the
wame oil-inlet temperature and about the same oil-feed pres-
sure .

The friction data obtained in these tests are shown . .
also In figure 11. In thie figure the values of f obtained
.at a given load with a given set of bearings are plotted
against P, the pressure on the projected area of the bear-
ing. “ These curvee provide an Indication of the load-carrying
capacity of the bearings, since the load at minimum f rep-
resents approximately the maximum load at which the respec-
tive bearings will operate in the region of etable lubrica-
tion under the given conditions with the given lubricant.

The data shown in figures 10 and 11 indicate that the
lsad-indium-coated silver bearinge had a relatively higher
friction. However, the load-carrying capacity of these bear-
ings was about equal to that of the lead-coated copper-lead
bearings, and markedly higher than that of the copper-lead
beartngm.

COMPUTATIONS 03’LOAD-CARRY13(3 CAPACITY

The data in figure 11 provide an indication of the safe
loade for the three sets of bearings teeted when operating at
the given speed using the particular oil, oil-inlet tempera-
ture, and oil-feed pressure. The computed load-carrytng
capacities of all five. eete of bearipgs when operating at
different speeds using different oils, oil-inlet temperatures,
and oil-feed pressures are given in figures 12 to 17. ~(l!he
method ueed in maklag these safe-load computations is de- “
scribed in detail-in referenee 2.) Each curve in these fig-
ures represents the limits of safe preesure ~ for the vari- .
ous values of the speed N when using the designated bear-
ings, oil, oil-inlet temperature, and oil-feed pressure.
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The computations- are based on the heat-dissipation data given
In flguree 3 to 8, the viecoaity-temperature characterletice
of,the oile used, the ambient temperature, and the llmite of
safe o-peratioh as iniii”cat-ed-lytke””point of minimum f in
the curve of f plotted against z19/P for the bearlnge.

The limits for safe operation used”in these computations
were obtained from the curves In figure 10. The values ueed
for the copper-lead bearings are z19/P = 3.0 and minimum
f = 0.00135; for the lead-iridium-coated silver bearinge
zN/P = 1.7 and m~nimum f = 0.00160; and for the lead-
coated copper-lead bearings zN/P = 1.7 and minimum
f = 0.00140. The computations for the lead-indium-ccated
eilver bearings are based upon the heat-dissipation-tempera-
ture relations shown in figure 6 with the correctldne (pre-
viously mentioned) applied so that they are re resentative
of bearings having a clearance of 0.0037 Inch fclearance-
diameter ratio = 0.0018). The heat-dissipation curves for
t>.e lead-co~ted copper-lead bearings when corrected for olear-
ance were practically the same as corresponding curvee for
the copper-lead bearings; hence the safe-load computation
for the lead-coated copper-lead bearings are based on the
heat-dissipation curves in figure 4. Computations for all
sets of bearings were based on an assumed ambient temperature
of 860 r.

.4nalysis of the curves given in figures 12 to 17-indi-
cates that, all other factors remaining unck.anged, the load-
carrying capacit~ of the bearings is increased by an increase
in viscosity grade, is decreaued by an increase in oil-inlet
temperature, is increased by an increase in oil-feed pressure,
and is increased by an increase in clearance. Comparison of
the ourves for the bearings of different metals indicatea
that over the range of conditlone covered the lend-indium-
coated silver and the lead-coated copper-lead bearings are
about equal in load-carrying ca~acity and both markedly supe-
rior to the copper-lead bearinge in this respect.

SUMMARY Or RESULTS

Data are presented ehowing the heat-dissipation charac-
teritatice of 2- by 1~-inch bearings operating in a four-
bearlng friction machine with forced-feed lubrication at two
speeds over a wide range of loads. These data chow the in-
fluence of euch faotore as viscosity grade, oll-tnlet temper-
ature, oil-feed preesure, bearing clearance, and bearing

I --- —. .---
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metal. Prlcti.on ilata are given which proyide a comparison
of the load- oarrylng capacity of 2- by la-inch bearings
Iined.with.oopper.-lea.d, ,lea,d-indium-coated silver, and lead-..-.-,
coated copper-lead when each type was operalibd-titi-the game
speed with the came oil and oil-inlet temperature. From
theme data valuee of safe load~ at varlouo ~peede are oom-
puted. These data chow the effeote of ohangee in the vari-
oue factork upon the load-oarrying capaolty pf the bearings.

Analymla of theme data indicatem the following effecte
of the individual variables (all others remaining oonstant)
upon the bearing temperature and safe load for a bearing
operating with forced-feed lubrication at a conetant epeed:

Effect on

Change Effeot on ,computed safe
bearing . pressure on-

temperaturel projected area

Increaso pressure on
projected area Increase ---- .----------

Incroaee viscosity
gradea Inarease Increase .

Increase oil-inlet
ten~erature Increase Decreaea

Increame oil-feed
preesure Decreaee Increase

Increase calearance-
diameter ratto Decreaee Increase

Type of bearing Negligibly Lead-iridium silver and
metal . ~mall lead-eoatqd copper-lead

about the came; copper-
head markedly lower.

‘Baeed on data obtained when bperating in the region of
etable lubrication. .

aInvolvee changl~g to an oil of higher v$ecosity at all
operating temperatures.

National Bureau of Standarde,
Washington, D. C., April 6, 1944.

-.—- --—
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‘“-SA3’E-LOAD”CHARTS ‘--- --”

In oonelderlng these data from the standpoint of applf -
eatlon to bearinge under actual operating oonditlone, it is
of Interest to make a comparison of the two oases. The ma-
terials used in the shafts and bearings were the same as
those used In aircraft engines. The Bhaft diameter vae s
emaller than most engine crankshafts but it wae of the same
order of magnitude. The length-diameter ratio was within
the range of engine bearings and the clearance-diameter
ratio8 covered the came range. The lubrloants were typical
for ,avlation engine oils and their vimcositiee covered ordi-
nary usage. The method for feeding the oil to the bearings
(oil holes in ehaft ), the oil-feed pressures”, and the o11-
Inlet temperature aleo were typical of engine operation.

The ma~or differences are in the types of loading and
In the sources of heat. In the engine the loads vary in ln-
tenslty and direction relative to the bearings while in the
laboratory machine the loade are constant both in intensity
and direotton relative to the bearings. In the engine the
operating temperatures are influenced by heat from the cyl.
Indere; hence from this standpoint, conditions may be more
severe in the engine. However, the temperatures observed
with the laboratory machine cover the range of probable en-
gine bearing operating temperatures. The engine bearinge
are subject to Impact and vibrational loads which are rela-
tively small in the laboratory machine. In one respect,
however, conditions In the laboratory machine may be more
severe. In the laboratory machine one portion of the bear-
ing Is constantly under high stress, while in the engine a
given portion of the bearing is under high stress only at
certain positions In a cycle. Also, in the laboratory ma-
chine an oil film is maintained in the bearings only by the
meohaniem of the wedging action, while in the engine the
load tende to force the shaft and bearing together at var5-
ous points where the surfaces are already well coated with
011. Other factors, not taken Into account by the laboratory
machine, are the fatigue charaoterlstios of the bearing metals,
misalinement and distortion, and contamination of the oil.

Because of these dlfferenaes it would not be expected
that the numerical results obtained in the laboratory maahine
would be directly applicable to full-scale engine operation.

—.
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On the other hand, relative differences shown by the labora-
tory data should be of significance to performance in service
and when used in conjunction with service experience provtde
useful *ides in pra’titlcal prdbl’emd relating to airoraft en=
gine bearings. Accordingly the safe-load data are given in
ohart form convenient for this purpose.

Oharts Showing Safe Loads for Army and Havy Speoifioation

Oils at Various Oil-Inlet Temperatures

Analysis of. the data give~ in figures 12 to 16 Indioates
that for a given bearing operating at a given speed ’the cafe
load at a given oil-inlet temperature Is a function of the
vlsoosity of the 051 at that temperature. Also when a given
oil is used, the a~fe load is approximately a linear funotion
of the oil-inlet temperature. 3’rom these relations the safe-
load chart shown In figure 18 was developed for R 2- by l&
inoh co per-lead bearing having a clearance-diameter ratio of

?0.0018 which approximates the clearance-diameter ratios of
typloal aircraft engine bearings). In this figure the maxi-
mum safe pressures (plotted as ordinatee) are shown for this
bearing when operating at 2500 rpm using the designated
gradee of Army and Navy specification aviation OIIS at the
varioue oil-inlet temperatures (plotted as abscissas). The
upper line for a designated grade represents the upper vis-
couity limit of that grade, while the lower line represents
the lowor viscosity linit. Both limite are based on a vie-
cosity indek of 100.

Similar charts for the operation of lead-indiun-coated
silver and lead-coated copper-lead bearings operating at
2500 rpm are shown in figures 19 and 20, respectively.

While the absolute values shown in thase figuree are
applicable only to the particular conditions upon which the
Ioad-oarrying oapaclty data are based, the charts prov~de a
means for estimating the relative effeots of changes in vis-
cosity grade and oil-inlet temperature on the load-carrying
capacity of airoraft engine bear%nge in actual service.

Orie example of a practioal use for such a chart Is given
by the hypothetical pase which follows:

Alroraft engina, Lormall”y operatiqg at 2600 rpm ustng
copper-lead bearings and qavy symbol 1100 oil. $ervlce rec-
ords Indicate that there is little bearing trouble If oil-

1.- ..
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inlet temperature Ie maintained below 220° E. Horsepower of
the engine is to be increased making the load on the bear-

.,.$nge16-~percent greater. What grade of oil should be used...
and what la iihe limitlng oil-inlet-temperature? . .

3’rom flguro 18 it will be noted that the mean value of
the safe load for a Xav~ symbol 1100 oil at 220° U oil-inlet
temperature 1s about 4100 pounds per square inch. The new
requirements are a 15-peroent increase or about 4700 pounds
per square inoh. ‘Again referring to figure 18 It is seen
that this load Is a proximatel~ a mean value for a Navy sym-

8bol 1100 oil at 165 F oil-tnlot temperature and for a Yavy
symbol 1120 oil at 190° Y oil-inlet temperature. The choice
as to which of the oils could bo used to better advantage
would depend upon other factors such as a~linder wall and
ring lubridatlon and oil-cooling capacity. While the final
answer to this problem could be obtciined only by service per-
formance, these estimates should be useful as a guide in
making tho changes necessary.

Charts for Deterulning Safo Lo~de for Oils of

Different Viscosity Grade ad 7iecoalty Index

.at Various Oil-Inlet Temperatures

The charts given in figures 21, 22, and 23 are for gen-
eral uae vdth oils covering a wide range of viacoaity index.
These charts are based on the same relatime aa t~ose in flg-
u-res 18, 19, and 20 and pertain to the same bearings (2- by
l~+lnch copper-lead, lead-iridium-coated silver, a~d lead-
coated copper-lead, res?ecti.vely) operating at the same speed, “
2500 rpm. In these aharts the safe pressures are plotted as
ordinates and the oil-inlet temperatures as abscleaa~. At
the left there is a compoelte scale consisting of four verti-
cal eoalee for vlscoslty at 100° ~ in Saybolt eeoonds laid
out on a horizontal scale for viscosity index (computed from
relation of change in viscosit

Y
at ~iven bearing temperatures

with change in viscosity Index . A similar scale for Saybolt
viscoeitiee at 210° ~ is laid out at the right.

To use these charts, plot on the composite ecale at the
left of tha chart a point raprasenting the viscosity of the
oil at 100° Y and tha viscosity index of the oil. Plot a
point re~rasantlng the viscosit~ of the oil at 210° E’ and its
viscosity index on the scale at the right of the chart. Draw
a straight line between these two points. This l:ne
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repreeente approximately the. limite of uafe premmure for thio
oil at the varloun oil-inlet temperatures. These charts -e .

. ,~onvenient for estiinating the effeots of changes in viscosity
Index on””kh”e lo&d-c-&Fr$ixig’capacity of the bearinge. This IS
illustrated in figure 21,where lines are plotted for two oils
having the same visooeity at 210° F (100 see) but with dif--
ferent visoosity indloes, 90 and 110, reepeotively. Yrom
these lines it wI1l be noted that under the condition oov-
ered an increase in vieeosity index from 90 to 110 provided
an inorease in “load-carrying oapaoity of about 4 percent at
150° Y oil-lrilet temperature to about 7 percent at 250° ~
oil-inlet temperature.

Oharte for Determining Safe Loads for Bearings of

Different Clearance Using One of Various

Visoogity Grade at Varioue Oil-Inlet Tem$eraturee

A t>lrd tyne of chart may be ueed to eBtlmate the ef-
fects of change; in clearance when using various gradee of
oil at various oil-inlet temperatures. A chart of this type
for use with 2- by l~inch copper-lead bearings operating at
2500 rpm Is shown in figure 24. In this figure the safe-load
scale is along the left border and one for clearance-diameter
ratios along the lower horder. The right side of the ohart
containH a composite scale consisting of three vertical
moalee for kinematic viecoeity laid out at 150° F, 200° 3’,
and 2500 F, respectively, on a horizontal scale for oil-inlet
temperature. These scales apply to oils of approximately
100 visaoeity index. The shaded areas in this composite
tacale ropreeent the various grades of Army and Navy specifi-
cation oils of 100 viscosity index. The numbers In each
area indioa+e the respective grade.

In using thle chart the viecosity of the oil at the par-
tloular oil-inlet temperature under consideration is plotted
on the composite soale at tho right. A straight line is then
drawn between this point and the bunts-eye looated near the
lower left-hand oornsr of the ohart. This straight line will
define approximately the limzting safe preesures for the
clearanae-diameter ratios Indicated along the lower border
when using the reepeetive oil, oil-inlet temperature, and
speed.

Such”a line for a I!Tavysymbol 1100 oil (mean value) at
200° Y oil-inlet temperature is shown in figure 24. Thle

.
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l~ne may be umed to lndioate the effects of maehiniag toler-
ances on the performance of the bearings. I’or example,
consider a 2-inch bearing where the machinin~ tolerances are

. su-oh-t’hat‘the clearanee-may vary from 0,003 inch to. Q.005 /
Inoh (olearance-dl,ameter ratios of 0.0015 to 0.0025), ?Jnder
the oondltions represented by the line in figure 24, the
safe load at the large clearance is about 5000 pounds per
square Inoh while with the small clearance the safe load is
about 3800 pounds per square inch, whioh represents a reduo-
tion of about 24 percent. While theee partloular values are
applicable only to the conditions represented by the line In
figure 22, changes of this magnitude would be expeoted with
service bearings for corresponding ohanges In olearance-
diameter ratio.

In this conneotlon it should be noted that these data
are based solely upon the effeots of C/D ratio upon the
haat dissipation of the bearing and do not take Into account
the affect of C/D ratio upon the point of min.lmum f in
the ourve of f plotted against zN/P . Theoretical hydro- -
dynaml c equations for bearinga with no end leakage indlcute
that the C/D ratio affects the minimum film thickness and
henoe tlio load-carrying capacity of the bearings. Daring
the course of this investigation friction data at low zN/P
wsre obtained with benrings of different C/D ratio. These
data, however, differ markedly from the theoretical equEitions.
The location of the point of minimum f varlo& somowhat
with different sets of bearings, but any trend with change in
C/D ratio was sufficiently small to be blanketed by the ef-
fects of differences in eurface conditions or other faotorO.
Further work is necess~ry $0 evaluate the effeots of C/D
ratio at low zN/P . #

Similar charts for use with 2- by 1~-inch lead-indium-
coated silver and lead-coated copper-lead hearl~ge operating
at 2500 rpm are given In figures 25 and 26, respectively. ,

1. Hereey, Mayo Dyer: Theory of Lubrication. John Wiley &
Sons, Inc., 1936.

2. MoKee, Samuel A.: l’riction and Temperature as Criteria
for Sage Operation of Journal Bearings. Ree. Paper
RP1296, Bur. Standards Jour. Res., vol. 24, no. 5,
May 1940, pp. 491-508..

i
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Figure 1.- Photograph of friction machine i&tallation.
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Figure 2.- Photograph of friction machine parts. ‘
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Chart for determining oafe loads for Army and *
Nav~ Specirloation 011s at various oil-inlet temperature, -P

2 x 1 l/4” coppe~leadbearings,C/D=O.CQlg, 25WJrpm. m



?igIUWlg.—chart foraetemini~ tie loadefor Army tma
Iiasy Speolfioa?lon Oilsat warlom oil-inlet temperatures.
2~ x 1 I/@gltsd-lndiumooateddiver bearings,C/Ik0.001g,

2500m.

Ffgure,?O.-Obt for determiningmfe loa.5eforAmy amd
5lla~SpeolflcationOilsat variousofl-inl,ettemporaturaa.

2“ x 1 l/~”lrml-contetlooppe-leaabearings,C/D-o.0018, &

2500m.
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Oil-InletT~erature, or

Figure 21. - Chart for deteralningeefeloade.for oilsof differentviecositygwie endviecomityindexat rarious
oil-inlettemperature. 2~ xl-1/48copper-l& bearings,CID= 0.0018,2500rpm.

On the compositescaleat the leftof the chart, plota pointrepresmntlngthe vlucoait~of theoil at
endthe viscoeityindexof the oil. Plota pointrepremmtingtheviecoaityof the oil at 210°F and itm
imiex on the scale at the rightof the chart. Draw a atra,l@t Thisline
approximatelythe lititnof safepreseureefor thisoil at the

linebetween theme two point6.
various oil-inlet temperatures.

10C)OF 2
mViecotalty .

repre8entm al
P

.



Oil-Inlet?emperaturo,OP

Figurea2.-Chartfordetermining eufe loads for 0118 of different vimo$ity grade and vitaoomity index ●t varioue
oil-inlet temperatures. fig x 1-1/49leul-ixutium ooated silter bearinge, O]D = 0.M)18, i?500 rpm.

On the oompomite aoale at the leftof the chart, plotapoint representingtheviecoaityof the OU at
and the vimcoeity index of the oil. Plot ● pcint representing the vimcomity of the oil ●t 21OOFand ite
indexon the @tale at the right of the chart. Draw ● etraightlinebetweenthesetwo pointe. This line
approximatelythe limiteof ode pre~sureefor thisoil at the mrioue oil-inlettemperature.

w
100C7 Is
viecoaity “
repreeente ~
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Oil-Inlet temperate, or

Figure 23. - Chart for determining cafe loads for oils of tlifferent viacoaity grade and viacoaity index at WUioue
oil-inlet temperatures. 2H x 1-1/4S lead-coated copper-lead bearings, C/D = 0.0018, 2500 rpm.

On the comDo8ite suale at the left of the chart. dot a Doint renreaentins! the viscosity of the oil at
and the viec;sity index of the oil. Plota point-r~presen~ing
indexon the scaleat the rightcfthe chart. Draw a straight
approximately the limits of safe preseures for this oil at the

the”viscoait~ of the oil a~ 210cF and itta
line between these two pcinte. Thie line
varicu8 oil-inlet temperatures.

100CF ~
mVibcoaity ●

repre.sente u
w



IiACAARR No. 4H15 rig.ab

10

9

5

4

3

2

rigu

por-

01etitioo-Diuuei6 ?-Ratio (CiD)

we a4. - Ohart for determining mafe loadm for bearinga of different clearanoo ueing olla
of varioua viecomity gradee at varioua oil-inlet teaperaturee. 2S x l-1/4” oop-

.lead beuinga, 2%0 rpn.

Plot the viecoaity of the oil at the oil-inlet temperature under consideration. Dram ●

●traight line betueen this point and the bullls-eye at the lower left of the chart. Thi8
line definem ●pproximately the limiting safe preeauree for the clearance-diameter ratiom
when ueimg the given oil, oil-inlet temperature, and ●peed.
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.001 .ooa .003 .004
Clearance-Diameter Ratio (C/D)

Figure 25.- Chart for determining safe loade for bearinge of different clearanoe uming ofla of
varioufaviecosity gradee at varioue oil-inlet temperatures. amx kl/4w h8d-

indium coated eilver bearinge, 2500 rpm.

Plot the viecoeity of the oil at the oil-inlet temperature under coneideratlon. Draw ●
straight line between thie ~int andth e bull10-eye at the lower left of the chart. Thi8 line
defines approximately the 1 miting safe preseuree for the clearance-diameter ratios when using
the given oil, oil-inlet temperature,and speed.



~igure a6. - Ohart for determining cafe loads for btmringe of different clearance ueing oile of
varioua vieoosity gradee at vtiioue oil-inlet temperatures. au ~ l-1/4M le~-

ooatod oopper-leui bearings, 2600 spin.

Plot the viuoositY of the oil at the’oil-inlet temperature under oonaideration. Dram a
etraight line between thte point and the bull~s-eye at the lower left of the chart. Thie line
define6 approximately the limiting cafe pressure6 for the clearance-diameter ratios when using
the &iven oil, oil-inlet temperature, and speed.
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